Proliferation
and differentiation of glial cells in mature and developing brains of rodents were investigated.
Autoradiography, immuno-and enzymehistochemistry and computer graphic analysis were used in this study. The following results were obtained;
In the white matter of the adult brains astroglia seem to proliferate in response to injuries, while the main proliferating glial cells in the gray matter, i.e. hippocampal gray matter, or in the facial nucleus, are microglia.
Computer graphic analysis disclosed that total volume of microglial cell body in the nucleus suffered from retrograde degeneration increases up to five times of that in the normal nucleus.
It was suggested that proliferating microglia transform into fibrous astroglia, and thus, they were supposed to play a significant role in the repair process of damaged brains.
The results of autoradiographical studies on the developing brains indicated that immature glioblasts are directly formed from ependymoglioblasts, the progeny of the matrix cells. We could trace smooth morphological transition from glioblasts to astroglia or to microglia.
Proliferation and differentiation of filial cells, especially of astroglia and microglia are still topics of controversy. In the present paper the results of our experiments on these two kinds of glial cells, especially on microglia are explained and their significance in gliogenesis and in glial reaction is discussed.
In the classical study, the term "microglia" seems to mean not only resting microglia which exist in the normal brains, but also macrophages or other types of inflammatory cells in altered brains (18) . Recently however, the latter have been proved to be mononuclear leukocytes which have entered the brain parenchyma in response to injuries (3, 17) . Therefore, the term "microglia" will be used only for the resting microglia in this paper.
PROLIFERATION OF GLIAL CELLS IN THE ADULT BRAINS
The number of mitotic cells in the normal adult brain is very small, and only a few labeled cells can be detected on the autoradiograph with flash labeling of 3H-thymidine (3H-TdR) (7 , 11) . Proliferation of glial cells in the normal adult brains, therefore, seems to occur to a limited extent. On the other hand, in the injured brains some types of filial cells proliferate very actively. Proliferative activity of astroglia is still controversial. Although the number of astroglia per unit area increase in damaged brains, only a few mitotic astroglia can be observed. They were once supposed to proliferate through amitosis (13) . Recently, however, mitotic cells having PAS-(1) or GFAP-positive cytoplasm (5) were reported. In electron microscopic autoradiograph with flash labeling of 3H-TdR, labeled cells showing glial filaments were observed in the damaged optic nerve (20) or in the corpus callosum of developing rat brains (14) . These findings prove that at least some astroglia in the white matter can divide in developing or in injured brains. However, their division in the gray matter has not been absolutely identified.
In our experiments, we could not detect proliferating astroglia in the rabbit hippocampal gray matter at 39 hr after stab wounding (8) . On the restrograde degeneration of mouse facial nucleus only a few astroglia were labeled with repeated injections of 3H-TdR up to 7 day after injury. On the other hand, in the facial nerve fibers running through the brain stem in the same materials we could detect rather many labeled astroglia. There was a difference in proliferative activity between astroglia in the white matter and those in the gray matter, and in the latter zone mature astroglia seemed not to divide. This difference in the white and gray matter may indicate the difference on the nature of astroglia. Using 3H-TdR autoradiography applied on silver-impregnated sections, we could prove that the proliferating glial cells observed at 39 hr after stab wounding in the hippocampal gray matter are exclusively microglia (8) . Many investigators reported that microglia also proliferate in the retrograde degeneration of the motor nuclei (6, 12, 19) . By electron microscopic (EM) autoradiography we could confirm that the fine structural characteristics of most of the proliferating glial cells in this type of lesion are the same as that of resting microglia. They had large masses of heterochromatin in the irregularly shaped nuclei, and large dense bodies in the cytoplasm. Rough-surfaced endoplasmic reticulum was more developed than that in the normal microglia.
In order to evaluate how the microglia proliferate in the retrograde degeneration, we attempted to measure the extent of their cell body in the altered mouse facial nucleus. It has been shown that enzyme histochemistry for thiamine pyro- phosphatase can visualize the configuration of the microglial cell body (15) . By electron microscopy lead deposits were detected on the vascular basement membrane and intercellular space and cell surface around microglia (Fig. 1 ), but not around astroglia, oligodendroglia or nerve cells. On semithin sections cut from epon embedded material, lead deposits were observed as black dots (Fig. 2) . We tried to measure the amount of these black dots by a computer graphic analyzer (Color Image Analyzer) (4). Seven adult mice (ICR JCL strain) were used for this study. Light facial nerve of each animal was transected at the level under the auricle. Each animal was sacrificed by perfusion fixation with 4% paraformaldehyde at the 10th and 23rd hr, 3rd, 4th 7th, 14th and 28th day after the operation. Tissue of brain stem including facial nucleus was cut into 40 µ thick sections with Vibratome (Oxford, California). These sections were immersed in the incubation medium (16) at 37°C, for 60 min. The sections were then embedded in epoxy resin, and 1 µ semithini sections were cut from each block with Ultracut (Reichert Jung) . The semithin sections were processed for graphic analysis.
After trimming to include only facial nucleus and eliminating blood vessels, the area of black dots was picked up on the color CRT of the analyzer (512 X 512 pixels), and the proportion of the area of black dots to the entire area of facial nucleus on the screen was measured. The results are shown in Figure 3 the control (right) side. On the injured (left) side, however, the values increased up to 4 to 5% from the second day after injury, and they maintained their high level for a long time; at least until the 28th day after injury. These findings indicate that microglia proliferate intensely in response to brain injuries and that they are the main glial components proliferating in the damaged gray matter.
The fate of proliferated microglia has not yet been completely understood. In the previous study of filial reaction to stab wounding in the hippocampal gray matter of rabbit brains, we traced the fate of proliferating microglia with EM-autoradiography, and found their transformation into fibrous astroglia (9) . Microglia seem to play a significant role on glial scar formation. This finding also indicates that microglia belong to the same kind of glial cells as astroglia. Hence, we tried to investigate the genesis of the microglia in the developing mouse brains.
ORIGIN OF MICROGLIA
The genesis of the microglia was investigated on the stratum radiatum of hippocampus of newborn mice. The reasons why we used this area for the investigation are as follows : 1) A large number of typical microglia and astroglia are present. 2) This area contains few oligodendroglia. 3) Mononuclear leucocytes are not detected in the normal developing stage in this area. After it had been confirmed that almost all the glial cells in this area were produced after birth, several newborn mice were injected with 3H-TdR repeatedly at the various intervals. EM-autoradiography disclosed that about three fourths of astroglia were produced before the 6th postnatal day (p.n.d.) and that most of microglia were formed after the 9th p.n.d. Then, using flash labeling of 3H-TdR, we tried to identify the mother cells of astroglia and of microglia, and to investigate their relationship. The following results were obtained: In the stratum radiatum of mouse hippocampus shortly after birth, proliferating immature glial cells, or glioblasts, increase the amount of their cell bodies and produce at first astroglia. After about the 6th p.n.d. the amount of the cytoplasm of glioblasts decreases and they begin to show large dense bodies and elongated rough-surfaced endoplasmic reticulum (Fig. 4) . These cells continue to proliferate, and their daughter cells take the appearance of the microglia. We could trace smooth transition between these cells on electron microscopic autoradiographs (10) . This fact indicates strongly that the microglia are also derived from glioblasts and are of neurectodermal origin.
ELECTRON MICROSCOPIC IDENTIFICATION OF GLIOBLASTS
In order to clarify how the glioblasts appear, we tried to identify immature glial stem cells or glioblasts by electron microscopy. According to autoradiographic study, glioblasts should be recognized as cells proliferating outside the matrix layer (2) . Using EM-autoradiography, we tried to detect such cells in developing mouse brains and to clarify their fine structure.
On the 18th day after gestation, labeled glioblasts were observed in the cortical plate. They showed rather large cell bodies but had only polysomes and short rough-surfaced endo-plasmic reticulum. On the 17th day after gestation we could detect proliferating glioblasts only in the transitional layer just outside the matrix layer. These cells had a small amount of cytoplasm containing a small number of polysomes and clusters of mitochondria. Neither glial filaments nor autophagosomes were observed in the cytoplasm of these immature glioblasts. Schmechel and Rakic stated that "radial glia" begin to proliferate after the end of neuroblast migration, and that they are progenitors of glial cells existing in the adult brains (21) . If this is the case, proliferating glial progenitors should have many intracellular organellae or autophagosomes, but we could not detect such structures in the immature glioblasts. Their fine structure suggests that these glioblasts have been newly produced by the ependymoglioblasts, which are the immediate progeny of the matrix cells before they are differentiated into glioblasts and ependymal cells. This glioblast shows stacks of rough surfaced endoplasmic reticulum, which are often detected in the mother cells of astroglia, but also shows a large dense body and large amount of heterochromatin, which are characteristic for microglia (cf. Ref. 10). X 12,000 duction of neuroblast, matrix cells become ependymoglioblasts and soon differentiate into ependymal cells and glioblasts. From glioblasts astroglia, oligodendroglia and microglia are produced. These cells, progenies of the glioblasts, are the main components of the filial cells in adult mammalian brains. Microglia proliferate intensely in response to brain injuries, and seem to play a significant role in the repair process of brain injuries. Macrophages and other types of inflammatory cells in the brain are derived from circulating monocytes, and have no direct relationship to these filial cells (Fig. 5) .
